introduction: To investigate the temporal trends of postoperative radiotherapy (RT) administration and the effects of omitting postoperative RT on breast cancer-specific survival (BCSS) in women aged ≥65 years with tubular carcinoma (TC) of the breast who received breast-conserving surgery (BCS).
inTrODucTiOn Tubular carcinoma (TC)-a rare but distinct histological variant of well-differentiated invasive breast cancer-is characterized by the stromal invasion of well-formed tubular or glandular structures, and accounts for 1-2% of invasive breast cancer in the screening programs era (1) (2) (3) . TC is generally associated with a better survival outcome compared with invasive ductal carcinoma, and is rarely known to form metastases (4) . The better prognosis in TC of the breast may be related to the special clinicopathologic features, including small tumor size, nodenegative, hormone receptor-positive, human epidermal growth factor receptor 2 (HER2)-negative, and lower tumor grade disease (1, (5) (6) (7) (8) . In addition, most of these patients received breastconserving surgery (BCS) followed by postoperative radiotherapy (RT) (6, 7) . Nevertheless, the role of postoperative RT in TC of the breast after BCS remains controversial, particularly among women aged ≥65 years (2, 6, 9, 10). Breast-conserving surgery is the standard of care for the treatment of early-stage breast cancer (11) and has been shown to be equivalent to mastectomy in terms of survival outcomes (12) . In patients aged ≥65 years with node-negative and hormone receptorpositive disease who underwent BCS, the omission of postoperative RT may increase the incidence of ipsilateral breast tumor recurrence (1.3 vs. 4.1%); however, the survival outcomes, including regional recurrence, distant metastases, and overall survival (OS) were comparable (13) . Nevertheless, the effect of histological subtype stratification on survival outcomes remains unclear. In fact, this is the major unresolved aspect of the management of postoperative RT in elderly patients with TC of the breast after BCS. In addition, most of the previous studies included a limited number of patients or only using OS rather than breast cancer-specific survival (BCSS) as the survival endpoint (2, 6, 9, 10) . In this study, we used a large population-based cancer registered database [Surveillance, Epidemiology, and End Results (SEER)] to investigate the temporal trends of postoperative RT administration and effects of omitting postoperative RT on BCSS in patients with TC of the breast after BCS.
PaTienTs anD MeThODs

Patients
We reviewed patients with TC of the breast from SEER program between 2000 and 2013. The SEER database is maintained by the National Cancer Institute, represents approximately 28% of the United States population, and provides accurate, timely, and continuous data of cancer incidence, patient demographics, and survival (14) . The International Classification of Disease-0-3 code included in our study was 8,211/3. Patients who met the following 
statistical analysis
The balance among the patient demographics, clinicopathological, and treatment variables was compared using chi-squared test or Fisher's exact probability tests according to RT administration. Multivariable logistic regression modeling was performed to determine the predictive factors for RT administration. To reduce the effect of selection bias in the retrospective studies, a 1:1 match was performed using propensity score matching (PSM) method with following variables: age, race/ethnicity, tumor grade, tumor size, PR status, and receipt of chemotherapy (15, 16 2013 and clearly shows that the RT administration rate steadily declined over the study period. Table 1 shows the demographic, clinicopathologic, and treatment variables before PSM. In most cases, the disease was well-differentiated, PR-positive, and HER2 negative. In addition, chemotherapy was not administered in most patients. After PSM, a total of 431 completely matched pairs were generated ( Table 1) .
Multivariable logistic regression analysis was performed to assess factors independently related to postoperative RT administration (Table 2), the results indicated that patients with younger age (<75 years), larger tumor size (T1b and T1c), and other race/ethnicity were more likely to receive postoperative RT. There was no association between postoperative RT administration and tumor grade, PR status and chemotherapy administration.
In the unmatched population, the median follow-up duration was 85.0 months (range, 0-167 months). A total of 421 patients died during the study period, including 23 who died from breast cancer-related disease. Overall, the 5-and 10-year BCSS rates were 98.7 and 97.9%, respectively, whereas the 5-and 10-year OS rates were 85.2 and 63.7%, respectively. The median BCSS was 161.9 and 165.0 months for patients with and without postoperative RT, respectively, and the corresponding 5-year BCSS rates were 98.5 and 98.8%, respectively (log-rank test, p = 0.134; Figure 2A ). Only 12 and 11 patients with and without postoperative RT died of breast cancer-related disease, respectively.
The results of univariate and multivariate analyses are displayed in Table 3 . Age at diagnosis and receipt of chemotherapy were the prognostic factors of BCSS in the univariate analysis. We then evaluated the independent predictors of BCSS using multivariate Cox proportional hazards models, and age ≥75 years and chemotherapy administration were found to be associated with poor BCSS (p < 0.05 for all). Of note, postoperative RT was not associated with better BCSS compared with RT omission in univariate analysis (p = 0.140).
In the matched population, there were seven and seven patients in non-postoperative RT and postoperative RT groups died with breast cancer-related disease, respectively, and the 5-year BCSS rates were 98.6 and 98.4%, respectively (log-rank test, p = 0.858; Figure 2B ). The univariate analyses also confirmed that age at diagnosis and chemotherapy administration were the prognostic factors of BCSS, while the administration of postoperative RT was not associated with better BCSS (HR 0.909, 95% CI 0.319-2.593, p = 0.858) ( Table 4) . We did not perform The local recurrence rate is the major factor influencing the decision of adjuvant RT for TC of the breast. We conducted two literature reviews to determine whether postoperative RT can be avoided in patients with TC of the breast. One of the reviews included 736 patients with TC of the breast from 8 retrospective studies, and the local recurrence rates were 3.7% (22/593) and 9.8% (14/143) in patients with and without postoperative RT, respectively (21) . These findings are consistent with the study by Sullivan et al., which included 11 retrospective series, and reported that postoperative RT administration was associated with significantly better local control as compared with RT omission (3.4 vs. 8.3%; p < 0.005) (2). Thus, postoperative RT administration has potential benefits of local control for patients with TC of the breast. However, the incidence of local recurrence in TC of the breast is extremely small, as compared with that in other histological subtypes (22) .
Only a few studies have assessed the role of postoperative RT in elderly patients who receive BCS. Sullivan et al. found that, of 13 elderly patients who underwent BCS without any subsequent adjuvant RT (median age, 74 years), none developed local failure (2) . In addition, the median time of local recurrence was more than 5 years (21). However, several studies acknowledged that it was difficult to distinguish between true recurrence and second primary breast cancer, or did not report the histological type multivariate analysis because there were limited patients with breast cancer-related deaths.
DiscussiOn
Postoperative RT was not associated with better survival outcomes in certain lower risk-breast cancer patients aged ≥65 years after BCS (13) . However, these results were obtained from a heterogeneous population without subtype stratification. In this study, we used a population-based registered database to investigate the role of postoperative RT for women aged ≥65 years with TC of the breast after BCS. Our results showed that postoperative RT was not a prognostic factor for BCSS, and that BCSS rates were similar between patients with and without postoperative RT in unmatched and matched populations.
Moreover, in this study, the 10-year BCSS rate was 97.9%, which was similar to previous studies (5, (17) (18) (19) . Thus, patients with TC of the breast have excellent survival outcomes, and several studies have found that the survival of TC patients appears to be close to normal life expectancy (19, 20) . In addition, only 1.9% of patients received chemotherapy in our study. These excellent survival outcomes support the adequacy of following a conservative approach to the treatment of TC, particularly in elderly patients. of the local recurrence (2, 7, 9, 10, 17, 19, 23, 24) . Hence, the heterogeneity in the TC data might make it difficult to accurately compare the results of local failure and may affect the judgment regarding the decision of postoperative RT in TC patients.
Accordingly, the role of postoperative RT in TC of the breast remains controversial. A previous SEER study included 6, 465 patients with TC of the breast between 1992 and 2007; in that study, a total of 5,149 patients received BCS, and 70.4% of the patients were treated with postoperative RT. The study showed that adjuvant RT led to an almost 20% improvement in OS in patients aged >65 years. However, the OS benefits may likely be due to unaccounted patient selection bias, because most of the patients in this age group may have significant medical comorbidities. Therefore, physicians were more likely to omit adjuvant RT for those who were less healthy (6) . A study including 248 TC of the breast patients from two German series indicated that the 10-year OS for patients in the RT group was significantly better (85.9 and 76.3% in the RT and non-RT groups, respectively; p = 0.035); however, the study only reported the survival endpoint of OS, but not BCSS (25) . By contrast, a large study with 307 patients with TC of the breast failed to show a benefit in local control with postoperative RT after BCS (9) . Another study by Sullivan et al. also found that additional RT following BCS was not significantly associated with better local control in elderly patients (2) . However, in a study of by Hansen et al. included 115 patients, the 5-year relapse-free survival rate was 100 and 89% in patients with and without RT (p = 0.001); the median age of the non-RT group and RT group in that study was 55 and 54.5 years, respectively (21) . In this study, although patients with older age were less likely to receive postoperative RT, we found that postoperative RT did not improve BCSS in those patients. The heterogeneity of the study cohort in terms of age, centralized pathologic review, and histological inclusion criteria may be the main reasons for the differences in the abovementioned studies. As the life expectancy of cases of TC is close to normal (19, 20) , it is important to balance the adverse effects and the survival effects for patients after BCS and postoperative RT. Our results support the decision that postoperative RT may be avoided in patients with TC of the breast after BCS (20) .
Nevertheless, this study has certain limitations. First, there is inherent bias in a retrospective study. Second, two subtypes (pure type and mixed type) of TC of the breast have been described (26, 27) ; however, both types have similar clinical outcomes (2, 7, 23) . In addition, the SEER database lacked information on centralized pathologic review, details of RT, chemotherapy and hormonal therapy, and patterns of local and distant failures. Moreover, the RT data had high specificity, although the overall sensitivity was 80% in the current SEER program (28) .
cOnclusiOn
In conclusion, our results suggest that it may be safe to avoid postoperative RT in women aged ≥65 years with TC of the breast after BCS. Nevertheless, additional studies may be needed to adequately assess the role of postoperative RT in this special subtype of breast carcinoma.
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